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Abstract:

254/3

The formula previously rostulated for the masses of the elementary
rarticles is stated in a revised form and shown to be in good agreement
with the empirical masses. The =xistence of a neutral shift is shown.

Implications of these facts are discussed. Possible application of the

formula to resonances is considered, W/A")
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I. Introduction:

A possible rule for the masses of the elementary rarticles has
long been known.t In this raper this rule is revided, greatly imyroving
its agreement with exyeriment. Tossible consequences and implications of
the rule are discussed,

In this paper the speed of light, Planck's constant, and the
mass of the electron are taken as unity. This seems to be the most
natural system of units for all physical quantities apjearing in el-
ementary rarticle rhysics,

In section II, we sihzll state the rule for the masses of the
elementary jarticles, which was first discovered by Nambu, and dis-
cuss its implications. The question of the aprlicability of the law
to the resonances aprpearing in the interaction of strongly interacting
rFarticles is discussed in section III., Section IV covers the aprli-
cation of the law to nuclei. 1Tt seems that the system of units used
in this paper is the natural one to use in elementary jarticle physics,
In section V we list for reference the values of certain constants which
are important when this system of units is used, as well as the values

of certain other constants which have been used throughout this paper,

1, Nembu; fFrog, of Theoretical rhysics 7, 595 (52)
Reulos; Arch, Sci. (Geneva) 11, 112 (58)
Frohlich; Muclear Physics, 7, 148 (58)

See alsn: levith Curr

Darling; Phys. Rev. 8(, 460 (5C)
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11. The Postulated Ifass Law:

It is postulated that the masses of the elementary
particles are given by the equation . . -1, M=m (—éz—-{- a.)
to within about one ele®®ron nass, 1he Nambu number n is either in-
tegral or half integral. The term "a" is zero or #l, 'Ar =137.0%173

The formula differs from the previously stated onel
by the inclusion of the "a" term,

The formula does not hold for the electron, but the
electron is the basic particle of the system,

| In table 11-1 the computed and experimental values
of the masses are given.
(Insert table 11-1)

It is seen that the rule gives the masses of the
charced particles to within one uait except for the Z where the dis-
creprancy is about two units and the =. , whose mass is not yet known
with complete accuracy, and for which the discrepancy may be about
two or three units,

A complete statistical analysis of the numbers has
not been carried out., Fowever in order to give a rough idea of how
well the rile agrees with experiment we have included the last two
columns ¢ The table which give the ratios of the discrerancy to the
average cisorepancy that would be expected from purely statistical
consider~ilons in two limiting cases, For the first takle the "statis=-
ticali e s was computed by taking the difference between mass value
corresponding to the nambu number for the yarticle with "a" equal to

one, and the mass number corresponding to the next .nambu mumbgd, " -
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with "a" equal to minus one, This was then divided by four to get the
statistical discrerancy., In the last column the mass levels were tak-
en as evenly spaced and their spacing was again divided by four to get
the statistical discrepancy. The next to the last column gives a bet-
ter measure of the agreement than does the last, esyecially for the
lower mass particles,

It is seen that the agreement is rather good. lipreover
the formula is quite simple and further more the deviations from it all
follow a simple pattern in that all the neutral particles (with the ex-
ception of the zero mass particles)are shifted. For these reasons it
seems quite likely that the formula is aprroximately correct. It
shall be assuped so for the rest of the paper and the consequences
of it will be explored.

It may be that the formula is correct for lower mass
particles but not for the hyyerons, as the supjort for ik is much less
in this case. Nevertheless it seems quite likely that it is correct
here also and it shall be taken as correct in this paper. A more
frecise determination of the masses of the hyperons would help to
clarify this situation,

While the charged paerticles are in very good agree-
ment with Nambu's rule there is a consistent discrerancy between the
rule and the masses of the neutral rarticles, This 'heutral shift”
aprlies even to the !{;which has no charged counterpart and whose
"a' value canrot thus be determined, £he discrepancy for the two pos-
sible ta® values are both less than the discrerancy for the TT° ), and

£6 tHA X WHOSE Mass 1§ SHiFted evén THOUGH It is charged.
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than others (except for the electron) seems likely to be correct3,

Furthermore it should be noted that the muon fits into
the formula., It seems thus incorrect to regard the muon as in any way
mysterious4 or as being in some way identical to the electron except for
some different interaction which causes it to have a large mass. The
mass is given by the forrula and needs no exylanation (except in the
sense that all the masses do).

It is a remarkable fact that the nambu numbers and the
"al yalue seem to be completely indejendent of the rroperties of the
particles. They are, for examjle, comyletely independent of the spin
and the isotopic spin. This seems to indicate difficulty for those
theories which treat integral and half integral srin on a different
basis?.

Equation 11-1 is a simple formula for masses of the
elementary rarticles. These masses are apparently eigenvalues of some
sort, uWe would thus expect that s theory of elementary particles would
produce a formula for these masses., Theories in which the masses are
calculated individually from comjlicated aprroximate formulae are thus
not likely to be correct,?

It should be noted that all the discrepancies are posi-
tive with the exception of the K which could be positive within ex-
perimental error. While the number of casres is too small to have

mich statistical significance it does suggest that a better deter-

3. See discussion by Feynman; Proc. Ann, Rochester Conf. High Energy
Phy, .10, 501 _ (60)

Chnuki; Rochester Corf. High Inergy Phy“iO 641 {60)

Fermi and Yang Phy. Reve 76, 1739 (43)

4. - “Taykor; "Phys, Rev. 110, 1216 (58)

5. .Heisenberg, Proc. Rochester Conf, High Energy Phy. 10, 851 (60)
Nambu,* Rochester Conf., High Blergy Phys. 10, 858 (60)




Table II-1:

Particle:

a2/ Sucw and Shariro;

II

The masses of the elementary particles:

Exrerimental

Mass:a

0

0

0

1
206.77%0,03
264,,203C.1
273.18%0,1
966.630.4

974.201.2

1¢36,123C,02
1838.6570.02

2182,80%0.3

2327.7%0.4
2331.811.,0
2340.670.6
2566116

580.2.2.5

Computed
Mass

0
o)
C

207,0595

274,,0746
966,2611
1€36.5036
2176. 5968

2192.5968
2329,63/1

R584.,7CET

Nambu
No,

e
0
C

1.5

13.5

16

17

19

-1

Reviews of llodern Fhysics

Discrep-

ancy
0
O
0

«29

9.87

-3
7.9
38
-2,19
-6,20
9.80
1.9
-2,2
-11.C
19.0

be5

33, 231

1/56

1/18

1/45

1/27

/445

1/1.7

(61)

1/19

1/6

1/18

1/14.5

1/3

8/10
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111, Resonances

A resonance is sometimes regarded as a particle of very short
1ifetime.6 There are now at least seven resonances known in elementary
particles physics, It would be of interest therefore to see whether
the masses of the "rarticles" corresponding to these resonances cbey
Nambu's rule, In the following table we list the masses of the resonances
as well as the closest masses allowed by the formula.

(Insert table 111-1).

We can immediately see from the table that the positions of the
resonances are not yet known well enough to allow us to draw definite con-
clusions. However, it seems quite possible that the masses will be in
agreement with the rule.

It is certainly hoped that the positions of these resonances will
soon be determined with greater accuracy.

It fould also be of interest .to-look _for a 'neutral.shift" in
these resonances. Consider for examyle the second pion-nmucleon resonance.
Ordinarily, the reaction TT-"P is studied, with the result that the
"particle causing the resonance" is neutral, Would the position of the
resonance be the same if the more difficlilt reaction vt ™, 1, were studied?
This also has an isotopic spin 4 component, but the "particle" is positive.

It is interesting to note that in the first pion-micleon resonsnce
which seems in excellent agreement with the formula the "particle" has a
charge of two for the reactionTit, P' However, the rosition of the
rescnance is not yet known with enough accuracy to allow us to make definite
conclusions, It would be of interest to see whether the position of the

resonance is the same for the doubly charged TT#:r f as for singly

6. Barut; Phys. Rev., 122, 134C (61)
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chargedn'l ny the uncharged T - -P , and the negativly charged 7T +

that is whether a neutral shift hold here also.

It should be noted that these "particles" have high spin.7

Thus if the formula should yrove to hold for the resonances we would be

able to conclude that this factor is irrelevant to the determination of

the mass,

7. TYeierlis; Thys., Rev, 1lt, 325 {6C)
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Tabkle III-1: Rescnances
Resonance Experimental Computed lMass Nambu
Mass Mumber
17433 2400 (a) 2,398,2 17.5
Ti'N Second 2980 (a) 2,992,8 22
TTHThird 3295 (a) 3,288,8 24
¥ ¥(b,c) 2710510  (c) 2,601.83 19.5
Y. *(d) 2727112 (d) 2,720,175 20,
A¥(b) 3555 (b) 3,562.97 26,
K*b) 173536  (e) 1,725.47 12.5
WY 03 (b) 612,17 45
a. Sterrheimer and Lindenbaum, Fhys : Rev. 123, 333 (61)
b. Selam, Review Mod, Thys. 33, 426 (61)
¢. Alston and Ferro-luzzi, Review liod. Fhys, 33, 416 (61)
d, Alston et al.; Thys, Rev, Lett. 6, 69§ (61)
e, Alston et al.; Thys. Rev, Iett. 6, 300 (61)
f. Booth et al.; Phys. Rev, Lett. 1, 35 (61)




IV, The masses benuclei:

The masses of the elementary particles obey a simple rule,

But what particles are elementary? Does obedience to liambu's rule
determine the elementarity of particles? In this connection the masses
of the nuclei are of some interest.

A comparison of the masses of the nuclel with the rule is not
simple because the nambu numbers become of the order of 137 resulting in
an overlapring of levels, It might be reasonable to assume that the
discrerancy would also increase., Thus a complete statistical analysis
would have to be carried out. It is hoped to do this statistical

analysis and rerort late¥6n the question of the elementarity of nuclei,
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"V, Units:

It is quite clear that the mass of the electron is
fundamental to Nambu's rule. Thus this constant now takes its place
al cngside the speed of light and Tlanck's constant as one cf the
fundamental conetants of physics, It is hoped that all numbers in

elementary rarticle physics will Le exyressed in terms of it in the

future,
For convenience we list the values of some other con-
stants® wkich can be seen to be important in this system of units which

we will call the natural systems?: .

.
L e e
v C e e o) RS

o

o
rory s

(v-1) Hass of the electron: mg = C.510976 % C.CCQ007 mev

(V-2) = 9,1085 x 10728 gn
(v-3) Compton wavelength of the electronzﬂﬁql$ﬁf; = 2.42627 x lCilocm
(V-4) o~ =

7.29729 30.00003 & 102
(v-5) % =137.0373 %

b}

(V-6) 1 mev = 1.60207 * 0.00007 x 16~0 erg 9

0,0006

It weuld also be of interest to look at the weak interaction
coupling coastantlo
(V=7) Gy = 1.416 X 0,003 x 10749 erg-cn?

and the gravitational courling coastant®

&. Darnad ard Cohen: fundamental Constants of Physics

(Trtevezience)
9. serisr. Nuclear Thysics (addison-Wesley)

10, Tacdin: Thysics Rev. Lett., £, 323 (60)
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(V-8) G =6.670 t 0.005 x 1072 new. -n2/kems?.
In the natural number system these become pure numbers., These
are respectively:
(V-9) G, = 1.206 x 10714
and
(V-10) G = 2.735 x 10740,
We believe that these numbers are the proper ones to compare
with each other and with other courling constarts in order to fird *he

relative orders of magnitude,
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Vl: Conclusions:

The masses of the elementary jarticles have been shown to be rep-—
resented accurately by a simple lav, The implications of this result
have been discussed. The possiktle apylication of the law to resonances

and the implications of such arplication have been discussed.
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